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The AMV

1

North Atlantic SST time series (Ting et al. 2009)

AMV

Externally forced variability

AMV pattern

Atlantic Multidecadal Variability (AMV)

 Droughts over N. and S. America

 European summer temperature

 Sahel drought

 Arctic sea-ice

 Occurrence of weather extremes

 Tropical cyclone activity

 Hiatus



Linked between AMV and tropical Pacific

1

North Atlantic SST time series (Ting et al. 2009)

AMV

Externally forced variability

AMV pattern

Atlantic Multidecadal Variability (AMV)

Observed AMV composites: DJFM

HadCUTv4



This study:

1

Proposal: North Atlantic warming drives a La-Niña-like response

Questions: Do models confirm such link? How strong the tropical Pacific response?

Method: evaluate Tropical Pacific response in idealized AMV simulations



The idealized AMV Experiments

AMV+ ensemble: daily North Atlantic SST                                      daily Climatology + AMV pattern

AMV- ensemble: daily North Atlantic SST                                      daily Climatology - AMV pattern

North Atlantic SSTs (5°N-70°N) restored to the

observed AMV pattern with a 5/15-day

restoring time scale

10yr long large ensemble experiments

Free ocean-ice-land-atmosphere interactions

outside the Atlantic

Protocol adopted by Decadal Climate Prediction Panel of CMIP6 (Boer et al. GMD 2016)

AMV pattern

➢ 1xAMV forcing (10)
➢ 2xAMV forcing (9)
➢ 3xAMV forcing (3)
➢ 2xAMV forcing with SLAB ocean (2)

➢ Total of 24 sets of simulations



Multi-Model Mean - DJFM

Observed AMV composites: DJFM

HadCUTv4

MMM AMV+ - AMV-: DJFM

• Li et al. (2016) explain such link:

Phase-1: Atlantic forcing Phase-2: Indo-Pacific feedback

(10yr averaged ensemble mean)



3xAMV

1xAMV

2xAMV

TAS - JJAS

TAS - DJFM

Multi Model Mean response vs Individual Model response 

JJAS Tropical North Atlantic SST (ºC)

AMV+ - AMV-

Very large ensemble-spread in NINO3.4 
response for same Tropical NASST forcing
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Multi Model Mean response vs Individual Model response 

AMV+ - AMV- AMV+ - AMV-

Factor 5-10 in the response amplitude

Normalized

JJAS Tropical North Atlantic SST (ºC)
JJAS Tropical North Atlantic SST (ºC)

Very large ensemble-spread in NINO3.4 
response for same Tropical NASST forcing



Origins of inter-model spread?Origins of NINO3.4 inter-model spread?

Normalized

JJAS Tropical North Atlantic SST (ºC)

AMV+ - AMV- AMV+ - AMV-

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

(positive values mean downward motion)

R2 = 0.82

(positive vertical transport = downward motion)

1) JJAS Central Pacific response explained 82% of DJFM NINO3.4 inter-model spread



Origins of inter-model spread?Origins of NINO3.4 inter-model spread?

Relative SST = SST – mean Tropical SST

1) JJAS Central Pacific response explained 82% of DJFM NINO3.4 inter-model spread

2) Tropical Pacific dynamics is better capture using relative NINO3.4 index: R-NINO3.4

Normalized

JJAS Tropical North Atlantic SST (ºC)

AMV+ - AMV- AMV+ - AMV-

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

(positive vertical transport = downward motion)

R2 = 0.82

(positive vertical transport = downward motion)



Origins of inter-model spread?Origins of Central Pacific subsidence inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV-

Phase-1: Atlantic forcingPhase-2: Indo-Pacific feedback

R2 = 0.82



Origins of inter-model spread?Origins of Central Pacific inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV-

20N

20S

20N

20S

C-Pac AtlanticIndian

R2 = 0.82



Origins of inter-model spread?Origins of Central Pacific inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV-

Phase-1: Atlantic forcing

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)
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AMV+ - AMV-

R2 = 0.37



Origins of inter-model spread?Origins of Central Pacific inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV-

Phase-2: Indo-Pacific feedback

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)
N

o
rm

a
li

z
e

d
 J

J
A

S
 A

tl
a

n
ti

c

m
a

s
s

 t
ra

n
s

p
o

rt
 (

1
0

9
k

g
.s

-1
)

R2 = 0.82

Phase-1: Atlantic forcing
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Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV- AMV+ - AMV-

R2 = 0.37R2 = 0.77



Origins of inter-model spread?Origins of Central Pacific inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

AMV+ - AMV-

Phase-2: Indo-Pacific feedback

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)
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Phase-1: Atlantic forcing

R2 = 0.77

N
o

rm
a

li
z
e

d
 J

J
A

S
 I

n
d

ia
n

m
a

s
s

 t
ra

n
s

p
o

rt
 (

1
0

9
k

g
.s

-1
)

Normalized JJAS Central Pacific

net vertical mass transport (109 kg.s-1)

𝜔𝑃𝑎𝑐
𝑁𝑒𝑡 = 𝐾 + 𝛼𝜔𝐴𝑡𝑙

𝑁𝑒𝑡 + 𝛽𝜔𝐼𝑊
𝑁𝑒𝑡 + 𝜀

Pacific inter-model spread explained at:

22% by Atlantic and 63% by Indian

AMV+ - AMV- AMV+ - AMV-



Origins of inter-model spread?Origins of Indian ascent inter-model spread?

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)
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Normalized JJAS Difference

tropical ta@300hPa - WarmPool SST (ºC)
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R2 = 0.69
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Normalized JJAS

Pacific WarmPool SST (ºC)

Indian ascent proportional to atmospheric stability over Pacific WarmPool



Origins of inter-model spread?Origins of Indian ascent inter-model spread?

Indian ascent proportional to atmospheric stability over Pacific WarmPool

Relative SST = SST – mean Tropical SST (positive vertical transport = downward motion)
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Normalized JJAS Difference

tropical ta@300hPa - WarmPool SST (ºC)
N

o
rm

a
li

z
e

d
 J

J
A

S
 I

n
d

ia
n

n
e

t 
v
e

rt
ic

a
l 
m

a
s

s
 t

ra
n

s
p

o
rt

 (
1

0
9

k
g

.s
-1

)

R2 = 0.69

AMV+ - AMV- AMV+ - AMV-

Normalized JJAS

Pacific WarmPool SST (ºC)

Observed zonal mean temperature regression on ENSO
credits: Seager et al. (2003)



Origins of inter-model spread?Origins of Indian ascent inter-model spread?

Tropical South Atlantic SST appears to control upper troposphere tropical 

temperature (radiative cooling?) and WarmPool convection inter-model spread
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R2 = 0.56
(R2 = 0.41)

R2 = 0.94
(R2 = 0.64)
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Origins of inter-model spread?Origins of tropical South Atlantic inter-model spread?

Tropical South Atlantic SST controlled by radiative downward fluxes

Probably due to different SST / low cloud relationship
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Summary

According to idealized AMV experiments, AMV warming drives trop. Pacific cooling

 But factor 10 among models

 Mostly explained by Indo-Pacific feedback spread

 Linked to tropical South Atlantic cooling spread

 Potentially linked to SST / low cloud representation

Thank you!

JJAS Tropical North 

Atlantic SST (ºC)

AMV+ - AMV- AMV+ - AMV-

JJAS inter-tropical 

Atlantic SST gradient (ºC)

R2 = 0.89


